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(54) Aqueous cross-linkable polymer composition for use in coatings 



(57) The invention pertains to an aqueous cross- 
linkable polymer composition comprising: 

a) a first polymer, which comprises acid groups and 
is made water-soluble by the addition of a volatile 
base; 

b) a dispersion of a second polymer, which compris- 
es carbonyl-functional groups and which is water- 
insoluble and obtainable by emulsion polymeriza- 



tion in the presence of an aqueous solution of the 
first polymer; 

c) a cross-linking agent which can react by conden- 
sation with the carbonyl-functional groups of the 
second-polymer; and 

d) a third polymer, which is water-soluble and has 
an amine functionality. 

The invention also pertains to a process for prepar- 
ing such an aqueous polymer composition. 
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Description 



SLhc 6 t0 inc , feasin 9'y stringent environmental regulations concerning the allowable content of volatile organic 
compounds in , coahngs. major efforts have been made to minimize the use of organic co-solvents in water blrne 

ZSSSZ ^ aCryKC b ? d8fS H ,° WeVer " WBler b ° me COa,inas that use acrylicpolymers as 

final ha dness after curing of an applied coating film is often limited by the amount of organic co-solvent in the coat no 

c^TL t 0f9aniC ^ 6n \ is re < uired to lowe ' *• fi'm-formation temperature in o'rder to ensure* 

Z'e6 for SHI Z 12 Z? fi,n :" ,0rniin9 PrOC8SS - F ° f S ° me COatin9 ^P""* 0 " 8 a ™ imal ha *"«* * 
Z S„ ZI T P f ' . 9 k ' n9 feSIStanCe ° f 8Cra,Ch f8sis,ance is im P° rtant - 1,18 hardn «*s be increased 
by raising the glass trans,t.on temperature of the acrylic polymer. However, when this coating is applied and dried at 

ambient temperature this often leads to poor film formation because of the limited amount of coalescing aid allowed 
This poor film formation results in reduced gloss, low chemical resistance, and weathering 

[0003] Attempts have been made to lower the necessary content of volatile organic compounds in coatings by using 
two-component coating systems. In order to increase hardness, the two components should cross-link for which a 
cross-linker IS needed. Such cross-linkers, e.g., pofyaziridine or polyisocyanate, often have a toxic nature Two-com- 

r^T, C ? t,n9 8yStemS a,SQ ShOW the 98neral drawback ,hat a"*' fixing of the two components the pot life is limited 
[0004] A compose and a process of the type according to the opening paragraph are known from PCT patent 
application WO 95/29944. This publication discloses a process for the production of an aqueous polymer composition 
for use as a coating with improved hardness and low film forming temperature. Use is made of a cross-linking agent 
which links the first, water-soluble polymer with the second, hydrophobic polymer. The cross-linking agent reacts by 
condensation. The lower the water concentration, the more this reaction takes place. It was found that the cross-linking 
reaction proceeds relatively slowly and begins only after evaporation of all the water in the film. As a result the eartv 
hardness and water resistance are relatively low. 

[0005] European patent application EP-A 0 587 333 discloses a water-resistant polymer dispersion containing a 
carboxylated water-soluble polymer which is neutralized and solubilized with, e.g., ammonia. An alkali-insoluble emul- 
sion polymer is prepared in the presence of the water-soluble first polymer. The alkali-insoluble polymer may contain 
an amine functionality. The composition may comprise a water-soluble polymer with an amine functionality, which 
serves to neutralize the soluble polymer, as an alternative for the ammonia. During preparation, the two stages are 
grafted together. Metal ions may be incorporated into the monomer mixture so as to create tonic metal/carboxylate 
cross-links. The water-soluble stage polymer remains susceptible to bases, which may cause resolubilizatton when a 
second layer of paint is applied. The hydrophobic polymer remains thermoplastic and does not cross-link, so that after 
application the resulting coating film shows a limited hardness. 

[0006] A common problem with aqueous polymer compositions comprising polymer dispersions with polymers having 
carboxylic acid-functional groups, is their poor water resistance and poor recoatability. since the water-soluble polymer 
will easily redissolve in the presence of water or, when a second layer of waterborne paint is applied, under the influence 
of the present neutralizing base. 

[0007] The object of the present invention is a polymer composition which can be used as a binder in water borne 
coatings with a low content of volatile organic compounds, which shows rapid hardness development and good film 
formation. Another object of the present invention is a process for making such a composition. 
[0008] This object of the invention is achieved with a composition of the above-described type, wherein the compo- 
sition further comprises a water-soluble third polymer with an amine functionality. 

[0009] More specifically, the present invention pertains to an aqueous cross-linkable polymer composition compris- 
ing: 

a) a first polymer, which comprises acid groups and is made water-soluble by the addition of a volatile base; 

b) a dispersion of a second polymer, which comprises carbonyl-f unctional groups and which is water-insoluble and 
obtainable by emulsion polymerization in the presence of an aqueous solution of the first polymer; 

c) a cross-linking agent which can react by condensation with the carbonyl-f unctional groups of the second polymer; 
and 

d) a third polymer, which is water-soluble and has an amine functionality. 

[0010] As a result, two different cross-linking reactions will occur after application of the composition according to 
the invention as a coating. Upon evaporation of the volatile base used to neutralize the acid groups of the water-soluble 
first polymer, the amine functionality of the water-soluble third polymer will form ionic bonds with the acid groups of the 
first polymer. The second cross-linking reaction takes place after evaporation of the water via reaction of the carbonyl- 
functtonal groups of the hydrophobic second polymer with the cross-linking agent. The first curing reaction is fast and 
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is responsible for rapid initial hardness development. The second curing reaction is a slow r^™, 

■ responsible for the ultimate mechanical properties of the coatiTls^^ cross-.,nking and 

present -entk*. clear as we., as pigmented^ 

wh.ch have a high hardness, high gloss, high chemical resistance, and g£S weatherirTo mlEfS «™«-«*. 
[001 1 Coatings comprising a polymer composition according to l£%*ZZ£^ . 

[0012] The object of the invention is also achieved with a process comprisinTtnTltepsT" 

2 a'ratTerse?" 80 " " " add - ,UnCtional ««* *°»™> *** is made water-soluble by the addtton 

b) preparing by emulsion polymerization in the presence of the aqueous solution of the first Dotvm«r » rt™e- 
o a substantalry water-insoluble second polymer comprising caLy.-f unctloTaCups ^ ' 

2 22! a ,h r T 9 ^ "*"* can r6aCt WWl ,he ,unctk5nal ^oups of the second 'polymer 
of polynner with an amine functionality to the polymerdispersion after the preparation of the dispersion 

of he second polymer. opt,onalhy after addition of volatile base to the dispersion of the L ^7the second 
polymer, and the cross-linking agent, until the pH has a value between 8 and 11 . 

[0013] Alternatively, after the preparation of the water-insoluble second pofymer disDersion and th„ ^hh;^ 
c^s-linking agent which can react w«h the functiona. groups of the seJn7^Z a Z ^ Z^n 
amine functionality and a cross-linking agent can be added P°'ymer with an 

[001 4] The first polymer is obtained from ethylenically unsaturated monomers, preferably esters of acrylic and meth 

SSS? "2 38 "t Utyl (meth)aC,V,a,a - me,h * (^«h)acrylate. ethyl (meth)acrylate, LhWhe^UmettSacS" 
cycloalkyl (methjacrylates. e.g.. isobornyl (meth)acrylateandcyclohexvl (meth)acrylate. oran JmZS^SS^ 
compound such as styrene. e.g.. norma, styrene or substituted styrenes, for insiance a-meZ Z2 £5X3 
styrene; *ny toluene; dienes such as 1 .3-butadiene or isoprene. or mixtures thereof. Also ^^.^£^22 

^ ata h^ h t5 ° f ^ ha.ides. such as vinyl chloride, vinylidene ch.orfce. and vinySe 

can also be used. The monomer composition also contains unsaturated monomers with acid-functbnality The add 
groups of the first polymer are preferably carboxylic acid groups. Unsaturated monomers with ^^ec^oZt 
acd groups are very useful. Optionally, the acid groups are latent as. for example, in maleic anhydride Xrel£ 3? 
functiona rty ,s present .n the form of an anhydride group. A.so macromonomers comprising L or rnore ca« 
ac.d-Uinct.onal groups can be used. Preferably, monomers such as (meth)acry.ic acid are used. OthTr poSS- 
boxylic acid-functional monomers are oligomerized acrylic acids such as (3-carboxyethylacrylate and its higher ana- 
logues (commercia..y available from Rhodia as Sipomer B-CEA). itaconic acid, fumaric acid, maleic acid cH^tc 

S^IT ^ Tl° r , a , nhydrid8S BeSid8S m0n ° merS havi "9 acid-functiona.ity also Z 

T '"rth^acKJ-funct.onal group besides the carboxylic one can be present in the monomer compo- 
sition, such as sulfonic acid groups, by the copolymerization of monomers such as ethylmethacrylate-2-suffonic acid 
or 2-acrylamido-2-methylpropane sulfonic acid, phosphoric or phosphonic groups obtained from monomers such as 
2-methyl-2-propeno.c acd ethyl-2-phosphate ester (HEMA-phosphate). (1 -phenylvinyl)phosphonic acid, or (2-phenyl- 
vinyl)-phosphonic acid. Other monomers possessing a further functional group besides the acidic one can also be 
present in the monomer composition. Examples of such monomers are hydroxy-functional monomers such as hydrox- 
yethyl (meth)acrylate. hydroxypropyl (methjacrylate. hydroxybutyl (meth)acrylate. (meth)acrylamide or derivatives of 
(meth)acrylamide such as N-methylol (meth)acrylamide and diacetone acrylamide. Also the adducts of hydroxy-func- 
tional monomers with ethylene or propylene oxide can be present in the monomer composition. Preferabry. the water- 
soluble first polymer is a copolymer obtainable by emulsion polymerization of styrene. (meth)acrylic acid, and one or 
more other (co)monomers, e.g.. (meth)acrylic esters and/or (meth)acrylamide derivatives The term "(methlacrvr 
means "acryl" and/or "methacryl." 

[001 S] Preferably, the water-soluble first polymer further comprises carbonyl-functional groups, which may be keto 
or aldo groups. As a result, covalent cross-linking will take place with the water-soluble first polymer as well as with 
the water-insoluble polymer. Preferably, the carbonyl-functional groups are introduced into the water-soluble first pol- 
ymer by copolymerizing diacetone acrylamide. 

[0016] The preparation of the water-soluble first polymer can be carried out by means of various techniques, such 
as solution polymerization, bulk polymerization or emulsion polymerization. 

[0017] The number average molecular weight of the water-soluble first polymer preferably is between 750 and 
1 5,000. More preferably, the number average molecular weight is between 2.000 and 1 2,000, most preferably between 
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^r^^ * a8 

-noMn* Optionally, a mixture of different volatile b^ n be use^ Ut «^ m ™ <* "™oeth- 

bornyl (me«h)acryi a te. cyclohexy. (meWry Je or an I^^S^T* (™«h>acrylate. iso- 

uene or a-methyl styrene, o, m-, and p-meihylstj eTeTm ^nd 22 i ? C ° mP ° Und SUCh 38 St y rene - vin V 
rene. Also vinyl esters such as vinyl alkancW^^^ P-cnlorostyrene, and p-bromosty- 

available under the trademark Veova 9. VeoVa K anS Sa 1 1 1* ShT h T!° addB> WhiCh are 
atives;viny.ha.idessuch as viny. chloride; vinyli^^^^ 

and isoprene can be used in the monomer compoS ^ ^rmonoZ h 0 "^' dien<JS SUCh 38 1 -^^iene. 

of carboxylic acid-functional monomers such a T^^Tc^Z^ ^ ^ a ' S ° COntain minor amounte 
group such as amino or ethylene ureido groups i™caS^^ possessing a second functional 

arepreferably based on aldo or keto groups S^^^ ,he "^phobic second polymer 

monomers that can be used in the copoiymeiS^ Specific 
acrolein, diacetone acrylamide. fom^T^.^ SSS^d^ ^ "* * (meth) 

elude, but are not limited to. aWho^Sfc^ emulsifiers. Anionic emulsifiers in- 

sulfate and suffona.e. su,fa,e and su "°"*te. alkyl- 

fonates. sulfosuccinates. and mixture ■ thereof alk >" Phosphates, alkylaryl sul- 

alcoho.s. alkylphenol et^la^^^ "* " mi,edt0 - -'Mary, pofyether 

mers. po.yethylene oxide sorbitan fatty acid f de b,0Ck C °^' 

^^^^^ 
po, = 

= P^^^^ 

[0025] The amine-functional third polymer can be prepared, for example, by ring opening polymerization of hetero- 
cyclic monomers such as ethanimine, 1 -propanimine. azetidine. or azetidine derivatives. A Sb^SSiltSS 

he third, am.ne-funct.onal polymer can be prepared by radical polymerization of o,p-ethylenically unsaturated amine- 
functionalmonomers. such as dimethylaminoethyl methacrylate and tert-butyl aminoethyl methacrylate. A third possi- 
ble method to produce the amine-functional third polymer is by using monomers containing a blocked amine group 
such as aldimme. ketimine. enamine or. preferably, oxazolidine. These compounds can be hydrolyzed into primary and 
secondary amines. Preferably, the amine-functional third polymer is poly(dimethylaminoethyl methacrylate) It is also 
preferred that the amine-functional third polymer has a number average molecular weight from 500 to 100 000 more 
preferably from 1 .000 to 80.000. The amount of amine-functional third polymer preferably ranges from 0 1 to 5% based 
on the weight of the first and second polymers. 

[0026] The cross-linking agent can be a hydrazine-functional agent, preferably a hydrazide-functional agent more 
preferably a dihydrazide. e.g.. a dicarboxylic acid dihydrazide such as oxalic acid dihydrazide. matonic aciddihydrazide. 
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drazide. Alternately. fta .^JuNtao aoe^rT. fS^J*?? ^ "N*"** « wrephthallc acid dlhy. 

«. anting agents, waxes p^rrS'tZ^T"™" 9 ^ 8 * e '" S ' ,0 " na " < " , aMs ' «""«'*• 
Example 1 - Preparation oi „ hvd,^n c cart*.™!* f unction.! c„t p ,!^., 

Staler h,ar0PB " fc « " «"»««» '» •» present invent*, 

£?* i3S5L7 ^ "* ~ mp0nSn,S aCC0 « 1 "* " Ta * 1 *— « - expressed as ,„ 



Component, amounts in parts by weight (pbw) 


Amount (pbw) 


H 2 0 (demineralized) 

Nonylphenol-15-ethyloxide sulfate sodium salt (35% solution in water) 
Nonylphenol-20-ethyloxide (80% solution in water) 
Dodecylbenzene sulfonic acid (free acid, 100% active) 
Sodium hydroxide (33% aqueous solution) 


133.9 
0.7 
0.6 
0.5 
0.2 



10031] llie charged reactor was heated to WC under a nitrogen Mantel When the batch had reached 90-c . «,«t 



Table II 



Component 


Amount (pbw) 


Demineralized water 

Nonylphenol-15-ethyloxide sulfate sodium salt (35% solution in water) 

Nonylphenol 20 ethyloxide (80% solution in water) 

Dodecylbenzene sulfonic acid (100%, free acid) 

Sodium hydroxide (33% aqueous solution) 

2-Hydroxyethyl methacrylate 

Methacrylic acid 

Methyl methacrylate 

Butyl acrylate 

Styrene 

Mercapto ethanol 


223.5 

4.2 

3.7 

3.0 

1.1 

5.2 
36.8 
76.1 
34.6 
19.7 
2.4 



[0032] This pre-emulsion was dosed in 1 20 minutes. Simultaneously a second initiator containing 2.0 pbw of sodium 
persulfate and 38.6 pbw of demineralized water was dosed in 150 minutes. After this addition, the batch was kept at 
90 e C for 30 minutes. Then the batch was cooled to 70°C..A solution of 31 .5 pbw of ammonia (a 25% aqueous solution) 
and 376.2 pbw of demineralized water was then added as a neutralization to dissolve the polymer. The solution was 
then cooled to 30° C. 



Examples 2. 3. and 4 - preparation of polymer compositions 

[0033] For comparative tests with prior art compositions and a composition according to the invention, three polymer 
compositions were made using the first polymer from Example 1 . The polymer dispersion of Comparative Example 2 



10 
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Table III 
Example 2 (Comp arative) 
196.8 



Reactor charg e 
Stabilizing resin of Example 1 



Example 3 (Co mparative) 
191.3 



[0034] The batch was heated to 90-C. A pre-emulsion was made of the (Cowing components: 



Example 4 
196.6 



15 



20 



25 




30 



[0035] An initiator solution was made according to the following Table V. 



35 



Initiator solution 


Table V 

Example 2 (Comparative) 






Demineralized water 
Sodium persulfate 


56.2 
0.8 


Example 3 (Comparative) 

54.6 
0.8 


Example 4 

56.2 
0.8 



40 



45 



Finishinq 


Example 2 (Comparative) 


Example 3 (Comparative) 


Example 4 


Adipic dihydrazide 
ProxeKB) XL2 


1.0 


14.3 
1.0 


1.0 


rroxews; ai_^ is a compound Dased on benzoisothiazolones. ProxeKB) is a trader 

ca. 


nark of Zene- 



so Example 5 

[0037] A first sample A was made of the polymer dispersion of Comparative .Example 2. A second sample B was 
madeofthe polymer d.spersion of Comparative Example 3. Athird sample C was made of thedispersion of Comparative 
(aSiated al PEITOof ^ 1-16 °" °' * polye,hylene imine wi,h a molecular weight of 700 

[0038] Samples A, B, and C were then applied to a glass plate and dried at 23'C. After one day the Konig hardness 
was measured (in accordance with ASTM D-4366). After seven days the hardness was measured again From the 
table below the effect of the polyamine modification in combination with the keto/hydrazide reaction is clear 
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Table VII 



Resin 


Konig hardness after 1 day 


Konig hardness after 7 days 


A (Comparative) 
B (Comparative) 
C (= B + PEI700) 


70 
66 
100 


71 
93 
107 



[0039] It was also found that the water resistance had improved substantially. 
Exarrble 6 



RE? J!!? l " r 6f,eC,S ! ! tHOS ! in EXamP ' e 5 W6re ° bSe,Ved ™** n a dis P ereion accor ^9 «o Example 4 was used 
tebt betw P '° " raZ ' de 116 W, % ^ °" SOHdS ° f PEI70 ° Hardness ««*« are given * 



Sample 


Konig hardness after 1 day 


Konig hardness after 7 days 


1 (Comparative) 

2 (Comparative) 
3 


87 
87 
127 


90 
90 
125 



Sed* 80 thiS 0889 a " imPrW8d Wat6r r6Si8tanCe W3S 0bS6rVed Wh6rG the ,WO cros ^inking mechanisms were 
Examples 7. 8, 9. and 10 

[0042] The effect of the addition of a polyamine is also clear in pigmented coatings. In order to evaluate these effects 
a number of pofymer compositions were prepared with a constant composition of the water-insoluble polymer and a 



| Reactor charge 


Example 7 


Example 8 


Example 9 


Example 10 


| Stabilizing resin (Example 1) 


188.4 


183.7 


183.7 


154.6 



[0043] The batch was heated to 90"C. A pre-emulsion was made of the following components: 

Table IX 



Pre-emulsion 


Example 7 


Example 8 


Example 9 


Example 10 


Stabilizing resin of Example 1 


439.6 


428.7 


428.6 


359.9 


Styrene 


70.3 


68.6 


68.6 


58.0 


2-ethylhexyl acrylate 


88.2 


86.1 


86.1 


72.5 


Methyl methacrylate 


97.4 


95.0 


95.0 


79.7 


Methacrylic acid 


8.4 


8.2 


8.2 


7.3 


Nourycryl® MA 123 


8.4 


8.2 


8.2 


7.3 


Diacetone acrylamide 


8.4 


8.2 


8.2 


7.3 


Demineralized water 




20.5 


20.5 


16.9 



[0044] An initiator was made according to the following Table X. 
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Initiator solution 



Demineralized water 
Sodium persuffate 
Demineralized water 



Table X 



Example 7 



55.1 
0.8 



Example 8 



53.7 
0.6 
4.4 



Example 9 



53.7 
0.8 
4.4 



Example 10 



44.7 
1.2 
3.6 



Table X I 
Example 7 



176.3 



Adipic dihydrazide 
ProxeKB) XL2 

Ammonia (25% aqueous solution) 
Lupasol® G 20 

Poly(dimethylaminoethylmeth- 
acrylate) solution 
Polyethylene imine (MW 700) 
Demineralized water 



of 2 pbw of tert-butvl hvdro^rovi^T^ Z^.l.T"^^ ,n 194 9 P bw o( demineralized water, a solution 
pbw of sodium formaldehyde sulfoxXein & 8 Z^Tlil^ h ? demineralized •* a solution of 2 
were then rinsed with deLeralizS wa, r. tl ^Z^SS^T^T minUteS - ,ines 
hydroperoxide (70% aqueous solution) and a soluton oTo oe nhw ? <L ? "T^ ^ 0 3 pbw of m +W 
demineralized water were added. TfWtch a^^^S" in 2 pbw of 

30-Ca*d4.5pbwofammonia ( 25%aq^ 

methacrylate) with a solids content of ?6% was obti^^ 
as e.uent gave a number average 

[0047J FinaNy, the sample of Example b Z ^ITSTX^ "TT? 

molecular weight of 700. while the samp.e rtB^^^^il^!: J?* °1 ^ Bt W° with a 

= poVe,hy.ene imine (Lu^ 

[0048] Subsequently, 25. 1 pbw of the dispersion of Example 4 was mixed with 75 2 nhw «f h*™ .• 
Pbw of a dispersant (e.g.. Orotan® 1124 ex Rohm and Haas)^ ,3SrfoZr™ ^K^Tl^iSn 1 
pbw of am,nomethy| propanol, and 175.5 pbw of titanium dioxSe. This mbcture ICSZi S 
s.ze was less than 10 Mm. This premix was then mixed further with 1 7.6 pbw of damhenritad wate 1 0^0^^ 

BvS' PO 7 ^ i 62 ? 6 k X Henk9,) - 1 5 PbW ° f ^ siloxanecSC (e I toMwZ 

nhl? p f W ^ ,W 9 ^ CO '' 5 0 PbW ° f 3 me ° l09y m0difier <•*• RM 5 soluLTRohm 'aSESi 5 

pbw of Forbest® 600 ex Lucas Meyer GmbH, and 2.5 pbw of dibutyl phthalate This mixture w^Zn^Ttnt 
ag-tatjon. to the pigment paste, after which the whole was added to 6<£.7 pbw ItoZ^JS^SZff? 
and 10 together wrth 2.8 pbw of ammonfc (25% aqueous solution) until pH 9. The result^ c^ing SsTe ^applied 

XII (Konig and Persoz hardness in accordance with ASTM D-4366.): 

Table XII 



Example: 


7 


8 


9 


10 


Konig hardness 


82 


104 


104 


110 


Persoz hardness 


171 


199 


199 


215 


Acetone rubs 


<7 


<25 


<15 


<25 
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Table XII (continued) 



Example: 


7 


8 


i . 


1 .o 


Xylene resistance after 1 min. exposure 


Lifting 


L3 


L2 


L2 


L2 


Swelling 


S4 


S2 


S3 


S2 


Water resistance after 1 hour exposure 




Blisters 


B2 


B1 


B1 


B3 


Lifting 


L3 


L1 


12 


L2 


Swelling 


S4 


S3 


S3 


S3 


Remarks: 










B = blisters, L = lifting, S = swelling, 1 = perfect, 5 = 


poor 











Example 11 



[0049] Samples of coating compositions comprising co-solvents were made in this example. The co-solvents were 
added for optimizing gloss and flow properties. In these compositions both the water-soluble first polymer and the 
water-insoluble second polymer contain carbonyl-functional groups derived from diacetone acrylamide 
[0050] First a stabilizing resin was made via emulsion polymerization. A phosphate ester based surfactant was used 
for example Rhodafac®RS71 0 ex Rhodia. A reactor was charged with compounds accordingtothefollowing Table Xlli:' 

Table XIII 



Reactor charge 


Amount (pbw) 


Demineralized water 
Rhodafac® RS710 

Sodium hydroxide (33% solution in water) 


134.7 
1.2 
0.2 



[0051] The charged reactor was heated to 90°C under a nitrogen blanket. When the batch reached 90"C a first 
initiator solution containing 0.3 pbw of sodium persulfate in 2. 1 pbw of demineralized water was added A pre-emulsion 
was made according to the following Table XIV. 



Table XIV 



Component 


Amount (pbw) 


Demineralized water 


224.7 


Rhodafac® RS710 (phosphate ester surfactant) 


7.4 


Sodium hydroxide (33% solution in water) 


1.1 


Methacrylic acid 


37.1 


Methyl methacrylate 


76.5 


Diacetone acrylamide 


6.8 


Butyl acrylate 


34.8 


Styrene 


19.8 


Mercapto ethanol 


2.4 



[0052] This pre-emulsion was dosed in 1 20 minutes. A second initiator containing 2.1 pbw of sodium persulfate and 
38.9 pbw of demineralized water was simultaneously dosed in 150 minutes. After this addition, the batch was kept at 
90°C for 30 minutes. Then the batch was cooled to 70°C. A solution of 31 .7 pbw of ammonia (25% aqueous solution) 
and 378.3 pbw of demineralized water was then added as a neutralization to dissolve the polymer. Next, the solution 
was cooled to 30°C. 

[0053] In the resulting aqueous solution a hydrophobic second polymer was prepared by the following steps. First a 
reactor was charged with 187.6 pbw of the solubilized resin. This batch was then heated to 90°C, while a pre-emulsion 
was made with the following components: 
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Table XV 



Pre-emulsion 


Amounts (pbw) 


Stabilizing resin 


438.0 


Styrene 


68.6 


2-ethylhexyl acrylate 


86.1 


Methyl methacfylate 


95.0 


Methacrylic acid 


8.2 


NourycryKg) MA- 123 


8.2 


Diacetone acrylamide 


8.2 



w«h 25.7 pbwof demfcera.ized Z r Z ^Z ^T^^ TT' ^ ™ ' inSed 
30-C. Subsequently a cross-linker solution compi 10 9 Z ci ZZtTT ** then C °°' ed down to 
drazidewasaddedtogether^thl.Opbwofa^Se^ 

to about 9 with a 25% aqueous ammonia solution ™ 8 pH ° f ,he ba,Ch was ad i us,ed 

in 1 pbw of demoralized wXTn a KSSS ^TatTJiTTf ° ° V PbW ° f 6,hylene diami ^tetra acetate 
was reached, a so.ution of 25 S^ olS rn^fh^^ After this temperature 

solutton of 2.5 pbw of tenSri butyl ZwnSnZ ^l 7** ° " 201 4 pbW °' demi ™alized water, a 
s°'^of2.5pWsodiur^ 

Feed lines were rinsed with 20 1 pbwo f demineSId tZZ fde h minera J l2edwat ^ were dosed in 120 minutes. 
Pbw of tertiary butyl hydroperoxide (TO nd a ^lnTa^T ^ "Zt T * 65 ° C f ° r 60 minutes - ^ 0 33 
of deminerahzed Li we?e Sd 2 latch ^Za^cT^Z ,0m f eh £* 2.5 pbw 

t°^Candl3^^ 

pbw of Lancowax® TF 1 778 (trademark oi ' L^i^i Vnf «S?^?™ A '^P^ucts), 6.4 pbw of AMP® 90. 8.5 

Jh H thr f 6 8ampl8S Were then app,ied 0(1X0 a metal substrate, Bonder® 26 60 OC (trademark of Ch am «t a . 
GmbH), and evaluated after one day of drying. Film formation was good. Tests were Z^oX Xto ^Z^ 
the Konig and the Persoz hardness (in accordance with ASTM D-4366), and the gloss (in aeooSm vSl^SmD 
523) and haze propert.es (in accordance with ASTM D-430). Test results are given in the following ZTwf 

Table XVI 



Sample 


A 


B 


C 


Konig hardness 


65 


54 


47 


Persoz hardness 


150 


129 


109 


Gloss 20* 


26 


23 


24 


Gloss 60° 


68 


65 


65 


Gloss 85° 


93 


92 


91 


Haze 


176 


180 


183 
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Example 12 

[0060] A stabilizing resin was made via emulsion polymerization. Phosphate ester was used as a surfactant (Rhod- 
afac® RS710, ex Rhodia). A reactor was charged with compounds according to Table XVII. 



Table XVII 



Reactor charge 


Amount (pbw) 


Demineralized water 
Rhodafac RS710® 

Sodium hydroxide (33% solution in water) 


403.0 
3.71 
0.51 



[0061] The charged reactor was heated to 90°C under a nitrogen blanket. When the batch reached a temperature 
of 90°C, a first initiator solution containing 0.84 pbw of sodium persulfate in 6.29 pbw of demineralized water was 
added. A pre-emulsion was made according to the folbwing Table XVIII. 



Table XVIII 



Component 


Amount (pbw) 


Demineralized water 


672.4 


Rhodafac RS710 ® (phosphate ester surfactant) 


22.06 


Sodium hydroxide (33% solution in water) 


3.39 


P-carboxyethylacrylate 


118.4 


Methyl methacrylate 


315.9 


Diacetone acrylamide 


20.45 


Butyl acrylate 


74.2 


Styrene 


59.1 


Mercapto ethanol 


8.2 



[0062] This pre-emulsion was dosed in 1 20 minutes. A second initiator containing 6.9 pbw of sodium pereulfate and 
120.0 pbw of demineralized water was dosed in 150 minutes. After this addition, the batch was kept at 90°C for 30 
minutes. Then the batch was cooled to 70°C. A solution of 50.7 pbw of ammonia (25% aqueous solution) and 1 ,075.0 
pbw of demineralized water was then added for neutralization to dissolve the polymer. Next, the solution was cooled 
to 30°C. 

[0063] In the resulting aqueous solution a hydrophobic second polymer was prepared by the following steps. First, 
a reactor was charged with 493.8 pbw of the solubiiized resin (with a solids content of 20.9%) and 55.3 pbw of dem- 
ineralized water. This batch was then heated to 90°C under a nitrogen blanket, while a pre-emulsion was made with 
the following components: 



Table XIX 



Pre-emulsion 


Amounts (pbw) 


Stabilizing resin 


1,153.1 


Demineralized water 


128.6 


Styrene 


200.7 


2-Ethylhexyl acrylate 


251.9 


Methyl methacrylate 


253.9 


Methacrylic acid 


24.1 


Adhesion promoter monomer 


48.2 


Diacetone acrylamide 


24.1 



[0064] After the batch had reached 90°C, this pre-emulsion was dosed in 180 minutes and an initiator comprising 
160.0 pbw of demineralized water and 2.2 pbw of sodium persulfate was dosed in 195 minutes. Feeding lines were 
rinsed with 60.0 pbw of demineralized water. The batch was kept at 90°C for an additional 30 minutes and then cooled 
down to 65°C. Ammonia was added till a pH of 7.0 - 7.5 was reached. A booster was added for conversion. Subse- 
quently, a cross-linker comprising 23.1 pbw of adipic bishydrazide was added together with 3.0 pbw of a biocide ( 
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•^^hw^-sLJSsrs irssKftr^j^* 0,0005 -*» - 

of demmeralized water In a batch of 402 S obw <a d» m Z»S?^! . . " ene acetate in 1 now 

was reached, a solution of ^t^i^X^ISl^T'^' 0 ^ t<»>»«atu,I 
solution of 2.5 pbw of terl-bulyl hydrc»e,oxfcte m% Jtf*, f " 01 *''*»«>'*'* water, a 

solution of t^cl^LL^^^^J^T^ 47 f ■*» 01 ^mineralized water, and a 
Feed lines were nnsed with 20.1 pbw rt dmhSSd wSe^CtatT n8ra J' ZM »*<>'«<»<>dos sl di„ ,20 minutes. 
f*»oHen*ut,,hydrope,»xide(7r^ 

in 2.5 pbw of demoralized wale, wen, added Th e batt If k™T f ? SOa " m toma «<%de stitfotrylate 
washed to arc and ,3.4 pbwo, amn^^^sc^ wT^'dr"' 60 """^ ^ ^ 

solution in Proglyde DMM. tractenZ cf « ?,c2s)^ iT,?' °' 3 ^ 01 Surt >™ 1 "> 4 

adding demoralized water until a viscosto of 2s ,T ^ ^W 80 F ™lly. Ihe vfecoslt/ was adjusted by 

r «, 8 pai„, te da„onv M a,,e^r? T rel a ,arC 

three day, at ambien, temperature. ThTitota nd »e " C °"""> ""' aS " ,9a a " er 008 ^ 



Hardness 


Konig/Persoz 


After 1 day 


66/133 


After 3 days 


72/154 



Claims 

1. An aqueous cross-linkable polymer composition comprising: 

h! * C ° mprises acid 9~ups and is made water-soluble by the addition of a volatile base- 

2,* nhf m ? 8 ^ " hl * COmprises «*ony-functbnal groups andSS ta ISJSS 

and obfarnabto by emuls,on polymerization in the presence of an aqueous solution oZTtWs^Xm^ 

W™" 9 39ent "** ^ ^ COndenSati ° n W " h the ^^oJtZ^Lon, 
d) a third polymer, which is water-soluble and has an amine functionality. 

2. Thecomposition of claim 1 wherein the number average molecular weight of the first po.ymer is between 750 and 

of styrene or (meth)acrylic acid, and one or more (meth)acrylate esters. 

4. The composition of any one of the preceding claims wherein the first polymer further comprises carbonyl-functional 

q roups, 

5. The composition of any one of the preceding claims wherein the carbonyl-functional groups of the first polymer 
and the second polymerare derived fr<™ diacet^ 

to the polymer. 

The composition of any one of the preceding claims wherein the weight ratio of the first polymer to the second 
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polymer is between 60/40 and 5/95. 

The composition of any one of the preceding claims wherein the third polymer is poly(dimethylaminoethyl meth- 
acrylate). 

The composition of any one of the preceding claims wherein the cross-linking agent is adipic dihydrazide. 
A process for preparing an aqueous polymer composition comprising the steps of: 

a) preparing an aqueous solution of an acid-f untional first polymer, which is made water-soluble by the addition 
v of a volatile base; 

b) preparing by emulsion polymerization in the presence of the aqueous solution of the first polymer, a disper- 
sion of a substantially water-insoluble second polymer comprising carbonyl-f unctional groups; 

c) adding a cross-linking agent which can react with the functional groups of the second polymer, 

d) adding a third polymer with an amine functionality to the polymer dispersion after the preparation of the 
dispersion of the second polymer, optionally after addition of volatile base to the dispersion of the first polymer, 
the second polymer, and the cross-linking agent, until the pH has a value between 8 and 11. 

The process according to claim 9 wherein the third polymer is prepared 

a) by ring-opening polymerization of heterocyclic monomers, preferably selected from ethanimine, 1-propa- 
nimine, and azetidine, or. 

b) by radical polymerization of an <x,p-ethylenically unsaturated amine functional monomer, preferably selected 
from dimethylaminoethyl methacrylate and tert-butylaminoethyl methacrylate, or 

c) from a monomer comprising a blocked amine group, preferably an oxazolidine. 
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